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Description

[0001] The present invention relates to a preproces-
sor of a division device, and in particular, to a preproc-
essor of a division device employing a high radix division
system capable of producing a partial quotient "n" bits
(n= 2) at atime.

[0002] A division operation is largely classified into
three processes, namely; preprocess, main process,
and postprocess. The preprocess is used to modify op-
erand data into a form such that the main processor ac-
cepts the operand data, and the main process actually
produces the quotient and a remainder. The postproc-
ess modifies the output of the main processor to obtain
a specified form suitable for a result.

[0003] The preprocess of the division device has var-
ious forms, depending on the systems of the main proc-
esses. The most widely known system of the main proc-
esses is a means such that one bit of partial quotient is
obtained by subtracting a divisor from a partial remain-
der, the result of such subtraction of the original partial
remainder is shifted by one bit, and the resultant value
is made a new partial remainder (hereinafter referred to
as one-bit system). The high radix division system is
used to produce an n-bit partial quotient by a one time
processing, in comparison with the one-bit system.
[0004] The one-bit system performs a normalization
shift as a preprocess to produce a significant bit of "1"
both for a divisor and a dividend. Such a processing is
carried out by a preprocessor.

[0005] In the preprocessor of the division device as
hereinbefore described, a drawback often arises when
a high radix division requires both a quotient and a re-
mainder at the same time. This is because an enumer-
ation for obtaining a quotient must be stopped at the pre-
determined digit to leave a remainder, but such a pre-
determined digit is often not the last digit of group "n"
digits.

[0006] Such a problem arises in the high radix divi-
sion, and therefore, conventionally a dividend shift is
performed after amending a micro program to make the
bit number of the quotient to be obtained an integer mul-
tiple of "n".

[0007] However, such an amendment by the micro-
program requires multiple machine cycles for the
processing, and therefore, results in the deterioration of
a division performance.

[0008] Such an algorithm is disclosed in IBM technical
disclosure bulletin, Volume 23 No. 1 of June 1980, pag-
es 24910251, in an article by K.K. Maass entitled "Align-
ment of operands before and after 2-bit binary divide
loop". The divisor is first digit normalised, and then bit
normalised. The dividend is then left shifted by the
number of leading digits of the divisor, right shifted
4-bits, and then left shifted by the number of leading zero
bits of the divisor. After division, a number of steps are
taken to obtain the remainder from the result.

[0009] In "Radix-16 Signed-digit division", by T M
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Carter and J E Robertson, |EEE transactions on com-
puters, Volume 39 No. 12 of December 1990, New York,
US, another division algorithm is described, for use with
digits having a maximum value of + 10 and a radix of
16. Some numbers have redundant representations.
Normalisation takes place to a particular value range,
not to a particular digit in the leading position.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide
a preprocessor of a division device capable of preproc-
essing a high radix division at a high speed.

[0011] Accordingtothe present invention there is pro-
vided a division device preprocessor as defined in claim
1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present invention will be more clearly un-
derstood from the description as set forth below with ref-
erence to the accompanyinqg drawings wherein:

Fig. 1 is a schematic block diagram explaining a
conventional preprocessor of the division device;
Fig. 2 shows an operation of the conventional pre-
processor of the division device;

Fig. 3 shows an operation of the conventional pre-
processor of the division device;

Fig. 4 shows an operation of the conventional pre-
processor of the division device;

Fig. 5 is a clock diagram showing an embodiment
of a preprocessor of a division device according to
the present invention;

Fig. 6 is a block diagram showing a division device
using a preprocessor of Fig. 5 according to the
present invention;

Fig. 7 shows an operation of a preprocessor of a
division device according to the present invention;
and

Fig. 8 shows an operation of a preprocessor of a
division device according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] Before describing the preferred embodiments,
an explanation will be given of the conventional preproc-
essor of a division device, with reference to Fig. 1.
[0014] Figure 1 is a schematic block diagram explain-
ing a conventional preprocessor of the division device
of a one bit system.

[0015] The one-bit system performs a normalization
shift as a preprocess to produce a most significant bit of
"1" both for a divisor and a dividend.

[0016] Such a processing is carried out by a preproc-
essor as shown in Figure 1. The preprocessor is com-
prised of a selector 11 for selecting a divisor or a divi-
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dend to be input, a zero counter 12 for counting the
number of binary digits on which "0Os" at the heads of a
divisor and dividend are written, and a shifter 13 for shift-
ing zero bits obtained by such counting to produce the
most significant bit of "1". Producing the most significant
bit of "1" is called normalization. The preprocessor out-
puts the number of "0" expression bits measured by a
zero counter 12 and shifted by a shifter 13, and the nor-
malized divisor and dividend, and sends the same to the
main processor 10.

[0017] Insuchaprocess, "0111" +"0011" can be com-
puted, for example, by the following procedure. A divisor
Y=0011 is normalized to produce "1100" and a dividend
X=0111 is normalized to produce "1110". At this time,
assume that the shift amount (=sa) of Y and X are sa¥Y
and saX, and saY=2 and saX=1 is produced, since the
divisor Y=0011 is shifted two bits to "1100" and the div-
idend X=0111 is shifted one bit to "1110".

[0018] In the main processor, in Fig. 2, if a division is
performed as a binary digit integer and a left bit of a div-
idend X is the Oth bit, then a quotient is produced only
from the third bit (saY-saX+1), in this example producing
only 2 bits. Further (3-saY+saX) pieces of "0s", in this
example two "0s" are inserted to the left of the third bit,
thus leaving a quotient " 0010".

[0019] A remainder starts at the (-saX)-th bit, and in
this example "0001" corresponding to as much as 4 bits
from the (-1)-th bit is left.

[0020] In the preprocessor of the division device as
hereinbefore described, a drawback often arises when
a high radix division requires both a quotient and a re-
mainder at the same time, because an enumeration for
obtaining a quotient must be rounded up at a predeter-
mined digit to leave a remainder, but such a predeter-
mined digit is often not the last digit of group "n" digits.
[0021] An example of such a drawback is shown in
Fig. 3, where 1011 + 0011 is computed, by using the
high radix system capable of obtaining two quotient bits
producing basis at a time. If producing quotient bits is
started at the third bit, (saY-sax+1)=2-0 + 1 = 3 is the
number of bits to be produced and it is desired to attain
only the fifth bit after obtaining the third and fourth bits
at the same time by the high radix system. If simultane-
ously attaining the fifth and sixth bits, the quotient of the
sixth bit is established. To obtain only a quotient, a
rounding down of the sixth bit is preferred, but, to obtain
a remainder, an amendment is required because of an
excessing high minus of as much as the quotient of the
sixth bit thereafter.

[0022] This example is satisfactorily processed when
a quotient is attained from the second bit, but upon com-
puting 1011+ 0110, as shown in Fig. 4, the enumerating
for a quotient is processed up to the fifth bit when the
enumeration is intended to stop at the fourth bit.
[0023] Such a problem arises in the high radix divi-
sion, and therefore, conventionally a dividend shift is
performed after amending a micro program to attain "n"
as the bit number of the quotient to be obtained
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[0024] However, such an amendment by the micro-
program requires multiple machine cycles for the
processing, and therefore, results in the deterioration of
a division characteristic.

[0025] An embodiment of a preprocessor of a division
device in accordance with the present invention is de-
scribed with reference to the drawings. Figures 5 to 8
show an embodiment of a preprocessor of a division de-
vice in accordance with the invention. In the present em-
bodiment, a preprocessor of a division device is com-
prised of, as shown in Figure 5, a first selector 6 for se-
lecting either a divisor or a dividend respectively to be
input; a first zero counter 1 for counting the unit number
of continued "0" bits when using "n" bits as a unit from
among the continued "0" bits at the heads of the divisor
and the dividend respectively input; a first shifter 2 for
shifting the divisor and the dividend by a "n" bit unit
based on the above counted value, a second zero coun-
ter 3for counting the number of head expression "0" bits
of the divisor having completed the first normalization
(hereinafter referred to as "bsaY", standing for bit shift
amount of Y); a latch 4 for storing the value of the zero
counter, a second selector 7 for selectively outputting
an output of the second zero counter 3 or an output of
the laich 4, and a second shifter 5 for receiving the out-
put of the second selector and executing a shift of the
divisor by less than "n" bits and another shift of the div-
idend by the number stored by the latch 4. The preproc-
essor of the division device is used to output the nor-
malized dividend X and divisor Y and the respective shift
numbers.

[0026] Therefore, according to the embodiment, for
example, when computing the high radix division with a
radix 3 for 000 010 111 010+ 000 000 001 001, the first
selector 6 selects a divisor 000 000 001 001 and feeds
it to the first zero counter 1. The first zero counter 1
counts the unit number of "0" bits existing from the head
by using n=3 as a unit (hereinafter referredto as "nsaY¥",
standing for n-bit shiftamount of Y), and obtains the shift
unit value nsaY=2 to be fed to the first shifter 2.

[0027] Similarly, the number of continued three "0s"
bits "000" is counted when inputting 000 000 001 111,
and leaves nsaY=2.

[0028] The first shifter 2 shifts the divisor by (nx nsaY)
bits, i.e., by 3X 2=6 bits, and leaves 001 001 000 000
to send out to the second zero counter 3. The second
zero counter counts expression "0" bit of the divisor
shifted by the first shifter, obtains the shift number 2, and
outputs the same to the latch 4 and the second shifter
5. The second shifter 5 performs a 2-bit shift, and out-
puts 100 100 000 000 and the shift unit number nsaY=2
of the first time and the shift number bsaY=2 of the sec-
ond time.

[0029] To normalize the dividend, the first selector 6
selects dividend 000 010 111 010, which is input to the
first zero counter 1. The first zero counter 1 counts the
shift unit number using n=3 as a unit to obtain the shift
unir number nsaX=1, and feeds it to the first shifter 2.
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Then, the first shifter 2 shifts the dividend by 3 bits to
obtain 010 111 010 000, and feeds it to the second zero
counter 3. At this time, the second selector 7 selects the
latch 4 to obtain the shift number 2, and feeds it to the
latch 4 and the second shifter 5. The second shifter 5
performs a 2-bit shift to output the dividend 01 011 101
000 000 and the shift unit number nsaX=1 of the first
time.

[0030] As hereinbefore described, according to the
present embodiment, the difference between the shift
numbers of the divisor and the dividend is 8-5=3, which
is a multiple of 3. This relationship is always established,
the bit number of a quotient operated is a multiple of 3,
and the division is stopped at the predetermined digit to
thus obtain an exact remainder.

[0031] In more detail, the divisor is shifted by (3 X
nsaY¥ + bsaY) bits, the dividend is shifted by (3 X nsax
+ bsaY) bits, and thus, the difference between the shift
numbers is (3 X nsaY¥ + bsaY) - (3 X nsaX + bsa¥Y) =3
(nsaY¥Y - nsaX), thereby resulting in a multiple of radix
n=3 of the present example.

[0032] An example of the division device using the
preprocessor according to the present embodiment will
be described. The preprocessor is the same as de-
scribed above, and the explanation thereof is hereinaf-
ter omitted.

[0033] Figure 6 shows adivision device using the pre-
processor according to the invention. Inthe drawing, ref-
erence numeral 21 depicts a latch for storing a first shift
amount nsaX of the dividend counted by the first zero
counter 1; 22 depicts another latch for storing the first
shift amount nsaY of the divisor; 23 depicts still another
latch for storing the second shift number bsaY of the div-
idend and the divisor; 24 depicts a Y register for storing
the normalized divisor; 25 depicts an X register for stor-
ing the normalized dividend; 26 depicts a subtracter for
computing nsaX-nsaY; 27 depicts a main processor for
enumerating a quotient and a remainder; 28 depicts a
quotient register for storing a quotient enumerated from
the main processor 27; 29 depicts a right shifter for right-
shifting a quotient stored in the quotient register based
on the value of the subtracter; 30 depicts another right
shifter for right-shifting a remainder stored in the X reg-
ister based on value of nsaX and bsaY, and 31 depicts
a third selector for storing a remainder from the main
processor to the X register.

[0034] The change of the normalized divisor in the
process of division is explained in detail in USP 4,722.
069.

[0035] When the latches 21, 22, 23 and the registers
24, 25 store nsaX, nsay, bsaY, X, and Y, the number of
repeating times nsaX-nsaY+1 for a quotient enumera-
tion is determined by computing nsaY-nsaX by the sub-
tracter 26. According to this process, the main processor
computes to obtain a quotient and an intermediate re-
mainder on processing basis. The quotient and remain-
der are respectively stored in the quotient register 28
and the Xregister 25, and after the processes are com-
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pleted a predetermined number of times. the quotient is
stored in the quotient register 28 and the remainder is
stored in the X register 25.

[0036] Since the quotient and remainder correspond
to the normalized dividend and divisor, then by the re-
spective right shifters 29 and 30, the quotient and the
remainder are obtained respectively by right-shifting the
quotient by [nX (nsaX-nsaY)+p] bits and by right-shift-
ing the remainder by (nX nsaX+nsaY +q) bits, where "p"
and "q" are constants determined depending on a scal-
ing of the divisor and the dividend and other conditions.
[0037] A practical computation is described assuming
n=2. Producing quotient bits starts at the second bit. In
Fig. 7, when computing 1011 + 0011, because the divi-
sor's first shift number nsaY=1 and the dividend's first
shift number nsaX=0 and the divisor's second shift
number bsaY=0, then the number of the operational
times nSaY-nsaX+1 is equal to 2, the quotient is 0011,
and the remainder is 0010.

[0038] Similarly, in Figure 8, when computing 1011+
0110. because the divisor's first shift number nsa¥Y=0
and the dividend's first shift number nsaX=0 and the div-
idend's second shift number bsaY, then the number of
the operational times nsaY-nsaX+1 is equal to 1, the
quotient is 0001, and the remainder is 0101.

[0039] According to the embodiment, the difference
between the shift numbers of the divisor and the divi-
dend is always an integer multiple of "n"; a digit number
of a quotient is also an integer multiple of " n"; a division
may be stopped at the predetermined digit. and a de-
sired remainder obtained simultaneously with a quo-
tient.

[0040] Note that the shift value may be different if a
bit position of a shift register, to which a dividend is
stored, is different, but the substantial shift amount is
the same when the bit position of the shift register is
fixed, for example, when a left bit of a dividend X is the
Oth bit.

[0041] As hereinbefore described, in accordance with
the present invention, a divisor and a dividend measures
the bit number of head expression "0" bits by the first
zero counter using "n" bits as a unit, and is shifted by
the first shifter by a unit of "n" bits. Concurrently, for the
divisor shifted by the first shifter, the number of remain-
ing head expression "0" bits thereof is measured by the
second zero counter, and its head bits are normalized
by the second shifter to express "1", and the dividend is
shifted by the second shifter by the number of the head
expression "0" bits of the divisor of the second zero
counter stored by the latch, namely, by the shift number
of the divisor. Thus, the difference between the shift
numbers of the divisor and the dividend is always equal
to an integer multiple of "n", a digit number of a quotient
is also equal to an integer multiple of "n"; the division
can be terminated at a predetermined digit, and a re-
quired remainder can be obtained simultaneously with
the quotient. Since the preprocessor of the division de-
vice is realized by hardware, the division process can
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be executed at high speed with an improvement of the
characteristic of a computer.

second zero counter as inputs, for outputting
one of the value being output by the second ze-

dend as inputs for outputting one of the divisor
and dividend to the first zero counter and to the
first shifter; and

a second selector (7) having the latch and the

ro counter and the value stored by the latch to
the second shifter.

Claims 5
A division device preprocessor for use with a high Patentanspriiche
radix division system capable of producing a partial
quotient "n" bits (n > 2) at a time, said preprocessor 1. Divisionsvorrichtungsvorprozessor zur Verwen-
comprising; 10 dung mit einem Divisionssystem mit hoher Radix,
das "n" Bits (n = 2) eines Teilquotienten auf einmal
a first zero counter (1) connected to the oper- erzeugen kann, welcher Vorprozessor umfafBt:
and inputs for counting the unit number of "n"
bit units of continued "0" bits at the heads of a einen ersten Nullenzahler (1), der mit den
divisor and a dividend that have been input,and 75 Operandeneingdngen verbunden ist, zum Zah-
which outputs the respective input divisor unit len der Einheitszahl von "n"-Bit-Einheiten von
number and input dividend unit number; kontinuierlichen "0"-Bits am Anfang eines Divi-
a first shifter (2) whose data input is connected sors und eines Dividenden, die eingegeben
to the operand inputs and whose shift input is worden sind, und der die jeweilige Einheitszahl
connected to the output of the first zero counter, 20 des eingegebenen Divisors und Einheitszahl
for shifting the input divisor and the input divi- des eingegebenen Dividenden ausgibt;
dend by the unit number counted by the first einen ersten Verschieber (2), dessen Datenein-
zero counter multiplied by "n" bits obtained from gang mit den Operandeneingangen verbunden
the divisor and the dividend; ist und dessen Schiebeeingang mit dem Aus-
25 gang des ersten Nullenzdhlers verbunden ist,
said preprocessor being characterised by further zum Verschieben des eingegebenen Divisors
comprising: und des eingegebenen Dividenden um die Ein-
heitszahl, die durch den ersten Nullenzahler
a second counter (3) connected to the output gezahlt wurde und mit "n" Bits, die von dem Di-
of the first shifter for counting the number of the 30 visor und dem Dividenden erhalten wurden,
continued "0" bits at the head of the shifted di- multipliziert wurde;
visor output by the first shifter (2);
a second shifter (5) whose data input is con- welcher Vorprozessor dadurch gekennzeich-
nected to the output of the first shifter and net ist, daB er ferner umfaBt:
whose shift input is connected to the output of 35
the second counter, for shifting sequentially the einen zweiten Zahler (3), der mit dem Ausgang
divisor and the dividend shifted by the first shift- des ersten Zahlers verbunden ist, zum Zahlen
er (2) by the number of bits output from the sec- der Anzahl der kontinuierlichen "0"-Bits am An-
ond counter (3), whereby the preprocessor out- fang des verschobenen Divisors, der durch den
puts a normalised divisor and dividend in which 40 ersten Verschieber (2) ausgegeben wurde;
the difference between the shift numbers of the einen zweiten Verschieber (5), dessen Daten-
divisor and the dividend is always an integer eingang mit dem Ausgang des ersten Verschie-
multiple of "n", and a digit number of a quotient bers verbunden ist und dessen Schiebeein-
is also made an integer multiple of "n", so that gang mit dem Ausgang des zweiten Zahlers
adivision may be stopped atthe predetermined 45 verbunden ist, zum sequentiellen Verschieben
digit, and a remainder can be obtained simul- des Divisors und des Dividenden, die durch den
taneously with a quotient. ersten Verschieber (2) verschoben wurden, um
die Anzahlvon Bits, die von dem zweiten Zahler
2. Apreprocessor as set forth in claim 1, further com- (8) ausgegeben wurde, wodurch der Vorpro-
prising; 50 zessor einen normierten Divisor und Dividen-
den ausgibt, wobei die Differenz zwischen den
a latch (4) for storing the value output by the Schiebezahlen des Divisors und des Dividen-
second counter; den immer ein ganzzahliges Vielfaches von "n"
a first selector (6) having the divisor and divi- ist und eine Stellenanzahl eines Quotienten im-
55

mer ein ganzzahliges Vielfaches von "n" wird,
so daB eine Division an der vorbestimmten
Stelle gestoppt werden kann und ein Rest
gleichzeitig mit einem Quotienten erhalten wer-
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den kann.

2. Vorprozessor nach Anspruch 1, ferner mit:

einer Verriegelung (4) zum Speichern des Wer-
tes, der durch den zweiten Zahler ausgegeben
wird;

einem ersten Selektor (6), mit dem Divisor und
dem Dividenden als Eingaben, zum Ausgeben
von einem des Divisors und des Dividenden an
den ersten Nullenzahler und an den ersten Ver-
schieber; und

einem zweiten Selektior (7), mit der Verriege-
lung und dem zweiten Nullenzahler als Einga-
ben, zum Ausgeben von einem des Wertes, der
durch den zweiten Nullenzahler ausgegeben
wird, und des Wertes, der durch die Verriege-
lung gespeichert wird, an den zweiten Ver-
schieber.

Revendications
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15

20

Préprocesseur de dispositif de division destiné a

étre utilisé avec un systéme de division dans une 25
base élevée capable de produire "n" bits (n=2) d'un
quotient partiel 2 un moment donné, ledit prépro-

cesseur étant caractérisé en ce qu'il comprend :

un premier compteur de zéros (1) connecté aux
entrées d'opérande pour compter le nombre
d'unités des unités de "n" bits des bits a "0" con-
tinus en téte d'un diviseur et d'un dividende qui
ont été entrés et qui sort le nombre d'unités du
diviseur entré et le nombre d'unités du dividen-
de entré respectifs ;

un premier dispositif de décalage (2) dont I'en-
trée de données est connectée aux entrées
d'opérande et dont I'entrée de décalage est
connectée & la sortie du premier compteur de
zéros, pour décaler le diviseur entré et le divi-
dende entré du nombre d'unités comptées par
le premier compteur de zéros multipliées par
"n" bits obtenus a partir du diviseur et du
dividende ;

ledit préprocesseur étant caractérisé en ce

qu'il comprend, de plus :

un second compteur (3) connecté a la sortie du
premier dispositif de décalage pour compter le
nombre de bits & "0" continus en téte du divi-
seur décalé sorti par le premier dispositif de dé-
calage (2) ;

un second dispositif de décalage (5) dont I'en-
trée de données est connectée a la sortie du
premier dispositif de décalage et dont I'entrée
de décalage est connectée a la sortie du se-
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10

cond compteur, pour décaler, de maniére sé-
quentielle, le diviseur et le dividende décalés
par le premier dispositif de décalage (2) du
nombre de bits sortis du second compteur (3),
de telle maniére que le préprocesseur sorte un
diviseur et un dividende normalisés dans les-
quels la différence entre les nombres de déca-
lage du diviseur et du dividende sont toujours
un entier multiple de "n" et un nombre de chif-
fres d'un quotient devient également un entier
multiple de "n", de sorte qu'une division peut
&tre arrétée au chiffre prédéterminé et un reste
peut étre obtenu en méme temps qu'un quo-
tient.

2. Préprocesseur selon la revendication 1, compre-
nant, de plus :

un dispositif de verrouillage (4) pour mémoriser
la valeur sortie par le second compteur ;

un premier sélecteur (6) ayant le diviseur et le
dividende comme entrées pour sortir I'un du di-
viseur et du dividende vers le premier compteur
de zéros et vers le premier dispositif de
décalage ; et

un second sélecteur (7) ayant le dispositif de
verrouillage et le second compteur de zéros
comme entrées, pour sortir I'une de la valeur
sortie par le second compteur de zéros et de la
valeur mémorisée par le dispositif de verrouilla-
ge du second dispositif de décalage.
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